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MICROMISCHODUSSUGILLATUS, A NEWHEMIODONTID
CHARACIN FISH FROM BRAZIL, AND ITS RELATIONSHIP

TO THE CHILODONTIDAE

Tyson R. Roberts

Abstract. A new genus and species of Hemiodontidae, designated as

a new subfamily, Micromischodontinae, is described from the lower Rio

Negro and Middle Amazon of Brazil. Its osteology is described and

figured. It appears to be the hemiodontid genus most closely related to

Chilodontidae. The relationship between the functional and replacement

teeth of the pharyngeals suggests the probable manner in which the peculiar

pharyngeal teeth characteristic of Chilodontidae and Anostomidae evolved.

A brief definition is given of the family Chilodontidae.
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INTRODUCTION

The hemiodontid herein described, collected by the Expedi^ao
Permanente da Amazonia' in 1967, represents a new subfamily.

While lacking certain morphological peculiarities of the highly

specialized Chilodontidae, it nevertheless appears to be more

closely related to them than is any other hemiodontid. In the

light of its discovery, there can be little doubt that Chilodontidae

and Hemiodontidae are indeed closely related. Although the

pharyngeal teeth of this new form are single cusped, the relation-

ship between functional and replacement teeth on the pharyngeals

suggests the primitive condition from which the peculiar multi-

cuspid pharyngeal teeth characteristic of Chilodontidae and

Anostomidae presumably evolved. Its highly distinctive trophic

structures indicate an unusual mode of feeding, perhaps similar to

that of Bivibranchia, considered to have the most specialized

trophic structures of all characoids. Nevertheless, it represents a

hne distant from Bivibranchia (and the related but less specialized

Argonectes) .

Hemiodontidae are marvelously streamlined, swift-swimming
fishes mostly six inches to a foot long. They form small groups in

open water in big rivers and lagos. Hemiodus are known in Brazil

as "voadores" because of their ability to jump. A group of

voadores leaping away from predaceous fishes or over a seine net

to safety is an impressive sight. Spawning presumably takes place

in open water and the young probably grow up in aggregations

staying near the bottom in fairly shallow open water. It appears
to be unrecorded whether hemiodontids form huge schools or

undertake major spawning migrations.

Hemiodontids hitherto known readily fall into two subfamilies,

Hemiodontinae and Bivibranchiinae, adults of which have multi-

cuspid teeth in the upper jaw and no teeth in the lower jaw. The

minute, unicuspid teeth and other features of the new fish differ so

greatly from previously known forms that it represents a new sub-

family.

1 The Expedicao Permanente da Amazonia, under the direction of Dr.

P. E. Vanzolini, is a cooperative effort among the Museu de Zoologia,

Universidade de Sao Paulo (MZUSP); Instituto Nacional de Pesquisas da

Amazonia (INPA) in Manaus; and Museu Goeldi in Belem. It is financed

by the Fundagao de Amparo a Pesquisa of the state of Sao Paulo. Much
attention has been devoted to fishes since fieldwork began in 1967. The

fish collections are housed at MZUSP.
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MICROMISCHODONTINAE,new subfamily

Highly streamlined, fusiform fishes typically hemiodontid in

habitus and osteology. Teeth pedicellate, with a single strongly

recurved cusp; tooth crowns black or brownish black, stalks deep

yellow or yellowish brown. Each dentary and lower pharyngeal
with two, nearly coextensive rows of 50-60 teeth. Teeth on upper

pharyngeal arranged in numerous, extremly regular rows (as in

Anostomidae). Upper jaw with a broad frenum, nonprotractile;

roof of mouth with fine, linear ridges, without valvelike structures.

Gill rakers elongate and numerous, with six to eight papillae on

either side of each gill raker, forming a dense carpetlike hning to

gill chambers. Lower pharyngeals exceptionally long and slender,

tooth-bearing for virtually their entire length. Upper limb of

second gill arch with a fleshy membrane forming a sort of pocket
anterior to upper pharyngeals. Posterior face of fourth gill arch

with ordinary gill filaments; face of fifth gill arch smooth; no dorsal

diverticulum between fourth and fifth arches. Stomach reversed,

that is, with cardiac portion (entrance of esophagus) posterior
and pyloric portion anterior in position; pyloric caeca about thirty,

not well differentiated; length of intestine in preserved specimens
about equal to standard length, forming a single loop upon leaving

stomach, then passing straight to vent. Posterior chamber of swim
bladder about one-half of standard length or six times length of

anterior chamber, terminating in a fine taper which extends to

above base of last anal fin ray. Adipose eye-fid thick and very

strong, extending from immediately behind nostrils well onto gill

cover, and with a narrow vertical sfit over the pupil (Fig. 1).

Cranial fontanels as in chilodontids and other hemiodontids,
anterior fontanel linear and narrow, posterior fontanel slightly

wider (Fig. 2). Size, shape, and position of jaw bones as in

Hemiodus; a peculiar fenestra in tooth-bearing portion of dentary
(a similarly located fenestra present in Hemiodus, absent in fore-

shortened dentary of chilodontids). Anterior end of ethmoid with

small lateral knobs. Circumorbital series with simple antorbital,

supraorbital, and full complement of six infraorbitals; first infra-

orbital smaller than those succeeding it (enlarged in Chilodon-

tidae), j^econd through fourth infraorbitals each slightly larger
than the preceding one. Branchiostegal rays five (five in Hemiodus
and Argonectes, four in Chilodus and Caenotropus); proximal end
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of fourth branchiostegal ray greatly expanded; hyoid bar general-
ized (apparently highly specialized in Chilodontidae). Gill mem-
branes free from isthmus, united to each other at a point below
middle of eye (broadly united to isthmus in chilodontids); isthmus

scaled anterior to cleithral symphysis (scaleless in chilodontids).
Three postcleithra; third (lowermost) postcleithrum with a lamel-

lar, posteriorly directed extension (as in Hemiodus). Weberian

apparatus and caudal skeleton without unusual modifications.

Forty vertebrae, including Weberian apparatus.

IVIICROMISCHODUS, new genus

Nomendatiiral type-species: M. sugillatus, new species

Body fusiform and highly streamlined. Secondary sexual di-

morphism unknown (specimens at hand collected in November
and December, with unripe gonads). Cranial roof smooth. Sides

of head largely covered by adipose eye-lids. Nares nontubular,

close-set and separated only by a flap flush with surface of head.

Tip of snout extends slightly beyond included lower jaw. With

mouth fully opened, gape almost vertical and about as large as

eye diameter. With mouth closed, dorsoposterior edge of maxillary

slips under first infraorbital bone; maxillary not extending as far

back as anterior margin of eye, but only to below posterior nostril.

Toothless portion of lower jaw (posterior to rictal membrane)
about four or five times longer than tooth-bearing portion. Articu-

lation of lower jaw below middle of eye; rictal membrane below

nostril, distinctly in front of anterior orbital rim. Lateral line

complete, slightly decurved anteriorly, then running just below

lateral midline of body to last scale row on caudal base.

Origin of dorsal fin midway between snout tip and base of

caudal fin. Anal fin small. Caudal fin deeply forked. Dorsal, anal,

and median caudal fin rays Vv'ith well-developed, overlapping, mem-
branous lappets or alae (Fig. 1 ). Similar structures occur in many
fast-swimming lower teleosts, including various other characoids,

some cyprinoids and clupeoids, and Chanos.

Known by a single species from the Middle Amazon and lower

Rio Negro in Brazil.

Derivation of name. Micromischodus is from the Greek micro,

small, little; mischos, stalk, petiole, peduncle; and odous (odon),

odontos, masc, tooth.
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M. SUGILLATUS, new species

Figure 1

Note. Standard lengths are used throughout this paper. Un-
less stated otherwise, proportional measurements are expressed
as times in standard length. Counts and measurements are given
for the holotype first, followed in parentheses by the ranges for

the paratypes.

Holotype. MZUSP 6773, 152.0 mm, Igarape Tarumazinho,
15 km NWof Manaus, on the left bank of the Rio Negro,
Estado do Amazonas, 17-18 November 1967.

Paratypes. MZUSP 8870, six specimens 125.0-144.6 mm,
same data as holotype; MZUSP6691, four specimens 107.3-137.1

mm, Rio Negro, arredores de Manaus, Estado do Amazonas,
15-23 November 1967; MCZ46718, two specimens 118.4 and
137.1 mm, Rio Canuma, Canuma (near Maues), Estado do
Amazonas, 28-29 November 1967; MCZ46719, seven specimens
79.5-108.9 mm, Igarape do Rio Jamari, Terra Santa, Estado do

Para, 14 December 1967.

Proportional measurements. Greatest body depth (at origin of

dorsal fin) 4.1 (4.0-4.5). Greatest body width (below dorsal

fin) 5.7 (5.6-6.6). Least depth of caudal peduncle 11.4 (11.3-
12.4). Distance from snout-tip to dorsal origin 2.01 (1.94-2.08).
Length of caudal peduncle 7.45 (6.4-7.8). Head 3.4 (3.1-3.4).

Eye 3.9 (3.4—4.1) in head. Bony interorbital space 3.8 (3.5-4.1)
in head. Snout 3.5 (3.4-3.8) in head. Width of mouth (measured
to outer sides of maxillaries) 4.1 (4.1-4.7).

Fins. Fins, excepting caudal, scaleless. Dorsal fin rays 11

(11 in all paratypes except one with 10), first two rays simple,
last ray divided to its base. Proximal two-thirds to three-quarters
of each ray with well-developed membranous lappets or alae,

largely overlapping when fin is depressed. Dorsal fin margin
falcate. Height of dorsal fin 4.7 (4.3-4.8). Base of dorsal fin 9.2

(8.1-10.3). Anal fin small, about one-third as large as dorsal fin,

with similar membranous lappets. Anal rays 10 (10), first two

rays simple, last ray divided to its base. Height of anal fin 8.2

(7.4-8.3). Anal fin margin falcate. Base of anal fin 12.4 (11.8-
13.4). Caudal fin deeply forked. Lower caudal lobe slightly

larger than upper caudal lobe, with its upper margin shghtly con-
vex (Fig. 1). The lower caudal lobe is similarly modified in other
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fast-swimming characoids, for example in Hydrocynus goliath

(Boulenger, 1899, pi. 11). Principal caudal rays 10 -f- 9. Median

four to six rays with well-developed lappets. Procurrent rays

moderately numerous (9 + 7 in 125-mm specimen), unspecial-

ized. Adipose fin small, its base over posterior portion of anal

fin base. Pectoral and pelvic fins with two or three peculiarly

thickened and elongated scales forming a sheath for edge of outer-

most rays. Pectoral fin rays 21 (18-22). Length of pectoral fin

6.3 (5.3-6.5). Pelvic fin rays 11 (11), outermost ray only un-

branched. Length of pelvic fin 7.0 (6.1-7.2).

Scales. Scales cycloid, or with laciniate (but not ctenoid)

borders. Body completely scaled, 57 (56-64) scales in a lateral

series; about 21 (16-22) predorsal scales (irregularly aligned);

11 (11 or 12) scales between lateral line and dorsal origin; 4 (4)

scales between lateral line and pelvic insertion; 20 (17-22) scales

between last dorsal ray and adipose fin; 15 (14-16) scales along

midline between symphysis of cleithra and pelvic base; and 16

(16-18) scales around caudal peduncle. Prepelvic scales below

lateral line gradually increasing in size ventralwards; scales on

abdomen about two or three times larger in diameter than scales

above lateral line. Caudal fin beyond hypural fan with two or

three rows of scales.

Coloration in alcohol. After two years in preservative (fixed in

formalin while alive and transferred to ethyl alcohol within a few

months) the specimens are straw colored, darkest above. The

most notable feature is the solid black or blue-black color on the

membranes between the distal halves of all of the dorsal fin rays

(but not on the rays themselves), (The hemiodontid Argonectes

scapularis and chilodontid Tylobronchiis maculosus have similarly

marked dorsal fins. ) Pectoral, pelvic, anal, and adipose fins color-

less; caudal fin dusky, lower lobe of caudal becoming darker (but

not as dark as dorsal fin) near its tip. A faint longitudinal stripe

running length of the body but stopping at shoulder, not running

through eyes or onto caudal fin. Above lateral line fine melano-

phores lie beneath the scales and in concentrations paralleling

exposed scale margins. Below lateral line melanophores almost

entirely absent in some specimens; in other specimens melano-

phores are virtually absent beneath the scales but are present

along the scale margins. The reticulated pattern of vertically

oriented spots thus produced is similar to the pattern present in
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all Chilodontidae, except that since the scales are much smaller,

the spots are small and not as dark. In all specimens body dis-

tinctly lighter below lateral line than above. Gill cover marked

by an indistinct dark oval patch caused by a concentration of

melanophores in the membrane lining inside of gill cover, which

shows through the opercular bones.

The trivial name sugillatus (Latin: sugillo, -atus, beaten black

and blue; sugiUatum, black and blue spot, bruise) refers to the

coloration on the dorsal fin and opercles.

Ecological notes. According to Sr. Britski, specimens of M.

sugillatus were collected by seining along shore in lakes or places

with slow-flowing, black or crystalline water. A very large number

of species, predominantly characins, was obtained at these locali-

ties. The stomach contents of specimens from the Igarape do

Rio Jamari include an assortment of bottom material, including

many of what appear to be droppings of small fishes. Very small

insects are well represented, including larval Diptera and, most

abundant, a corixid (identified by Dr. John Lawrence) about L5
mmlong. These are about the largest organisms in the stomach

contents.

OSTEOLOGY
Figures 2—15

Illustrations of the osteology of M. sugillatus are based on a

125.0-mm paratype from MZUSP8870. Supplemental observa-

tions were made on a 102.2-mm paratype from MCZ46719. The
nomenclature of bones follows Weitzman (1962) except that

"vomer" and "intercalar" are used in place of "prevomer" and

"opisthotic."

Cranium (Figs. 2-4). Roofing bones of skull smooth and flat-

tened. Cranial fontanels narrow, complete. Anterior fontanel

linear and about half as wide as posterior fontanel for almost its

entire length, but widening immediately in front of epiphyseal bar.

Ethmoid narrow, with two lateral knobs anteriorly articulating with

either premaxillary, ventro-lateral laminar projections immediately

posterior to these knobs, and a median cleft in its posterior half

(Fig. 2). Supraoccipital crest flat, not extending as far as end of

cranium. Posttemporal fossae well developed. Dilator groove well

developed, frontal participating in its formation; dorsal Umit of
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antorbjtal

nasa

vomer

ethmoid

parietal

epiphyseal bar

lateral ethmoid

frontal

sphenotic

epiotic

exoccipital

supraoccipital

premaxillary

infraorbital 6 Dterotic

Figure 2. Cranium of Micromischodiis siigillatiis (dorsal view),

osteological figures based on 125-mm specimen from MZUSP8870.

All

dilator groove marked by a concavity in dorsolateral margin of

frontal bone; sphenotic spine lamellar, rounded at tip.

Ethmoid separated from vomer by a cartilaginous septum (in-

dicated by heavy stippling in Figure 3). Vomer with peculiar
anterior knoblike processes on either side. Lateral ethmoid rela-

tively large, with elongate, strutlike process articulating with knob-

hke process of vomer (Figs. 3 and 4) and a small median projec-

tion firmly articulated to antero-ventral comer of rhinosphenoid.

Rhinosphenoid large, sharing strongly interdigitating sutures with

antero-ventral projection of orbitosphenoid (Fig. 3). Cartilaginous

septum between dorsal edge of rhinosphenoid and roof of cranium

and another between ventral margin of rhinosphenoid and para-

sphenoid (cartilage indicated by heavy stippling in Figure 3).

Rhinosphenoid and orbitosphenoid not directly contacting para-

sphenoid. Parasphenoid deeply cleft posteriorly, the thin divisions

thus formed cleft at their tips (Fig. 4; compare with Weitzman,

1962, fig. 4 of Brycon on p. 60; and Roberts, 1969, fig. 20 of

Acestrorhynchus on p. 463). Intercalar well developed. Pterotic

with strong posteriorly directed spine.

Jaws and jaw suspension (Figs. 2, 5-7). The size and shape
of the jaw bones and their relationships to each other are similar
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lateral ethmoid ^"^""^^l ^Phenotic pterotjc parietal supraocclpital

ethmoid

vomer

rhinosphenoid

orbitosphenoid

pterosphenold
parasphenoid Prootic

'"<ercalar
"basioccipital

Figure 3. Cranium of Microinischodus sugillatiis (lateral view).

to those in Hemiodus. PremaxiUary with a slender, medially
directed symphyseal process, round in cross section and blunt at

the tip, which approximates but does not articulate or contact its

opposite fellow. Lateral surface of premaxillary with a shelflike

projection posterior to which is a groovelike depression into which

snugly fits anterodorsal corner of maxillary. Dorsal portion of

parasphenoid

pterosphenold

mesopterygoid

palatine
gctopterygoid

hyomandibular

epiotic

basioccipital

ethmoid

vomer

exoccipital

lateral ethmoid frontal

orbitosphenoid

intercalar

pterotic

sp hen otic

prootic

Figure 4. Cranium of Miciomischodus sugillatiis (ventral view).
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premaxillary and maxillary firmly embedded in a tough connective

tissue that binds them to tip of ethmoid although they do not con-

tact it. Maxillary with dorsoposterior corner expanded and con-

nected by a broad, strong ligament to palatine (Fig. 2). Maxillary

bearing a short segment of cephalic sensory canal (Fig. 5).

Dentary with a slender, median symphyseal process, round in

cross section, blunt at the tip which approximates and is strongly

joined by ligaments to its opposite fellow. Tooth-bearing portion

of dentary elevated; rictal membrane attaches maxillary to lateral

surface of elevated portion of dentary. Portion of dentary pos-

terior to gape gradually diminishing in width, about twice as long

as portion anterior to rictus; articulation with quadrate beneath

infraorbitals

supraorbital

antorbital

premaxillary

ope re I e

subopercle

maxillary

interopercle preopercle quadrate angular
articular dentary

Figure 5. Jaws and facial bones of Micromischodiis siigiUatiis (lateral

view).

middle of eye. Elevated portion of dentary with a peculiar fenestra

below part of the tooth rows (Figs. 5-7); a fenestra identical in

shape and position occurs in the toothless dentary of Hemiodus
but is lacking in chilodontids.

Premaxillary with about 14 minute moveable teeth. Maxillary
toothless. Dentary with two coextensive rows of minute moveable
teeth. The 125-mm specimen has about 54 teeth in outer row
and about 60 (slightly smaller) teeth in inner row, uppermost ten
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of which are nonpedicellate; replacement teeth much in evidence

(Fig. 7).

The palatine arch presents no unusual features. Metapterygoid-

quadrate foramen well developed. Hyomandibular well separated
from mesopterygoid.

Facial bones (Figs. 5-6). Facial bones present no unusual

features. Circumorbital series complete. Nasal bone tubular,

laminar projections minute. Antorbital slender, struthke. Infra-

orbitals six; infraorbitals 2-4 gradually increasing in size over ones

preceding them. Infraortibal 1 not enlarged. Infraorbitals 3 and

4 with tubes from postorbital branch of cephalic sensory canal

system leading to their posterior margin (Fig. 5).

Posterior bony margin of gill cover formed largely by sub-

opercle; subopercle with well-developed, dorsally-projecting spine

at anteroventral end. Preopercle with a slender tubular extension

dorsally. Suprapreopercle absent.

Visceral arches (Figs. 8-10). Hyoid arch without unusual fea-

tures. Branchiostegal rays five (as in Hemiodus, Argonectes),

first four articulating with ceratohyal, fifth with epihyal. Proxunal

end of fourth where it connects with ceratohyal greatly expanded

(see Fig. 9).

premaxillary

maxillary

palatine

dentary

coronomeckelian bone

opercle

subopercle

articular
Interopercle

preopercle

Figure 6. Jaws, jaw suspension, and opercular bones of Micromischodus

siigillatus (internal view).



1971 BRAZILIAN CHARACIN FISH 13

Figure 7. Tooth-bearing portion of dentary of Micromiscliodiis

sugillattis (internal view).
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ventral liypohyal

dorsal hypohyal

branch lostegal rays

Figure 8. Hyoid arch, branchiostegal rays, and urohyal of Micro-

mischodits siigillatiis (dorsal view).

Pharyngeal teeth (Figs. 9 and 10). Lower phaiyngeals pecu-

liarly elongate and bearing two rows of teeth for virtually their

entire length. The recurved crowns of the teeth in anterior row on
lower pharyngeal project forward; replacement teeth lie anteriorly

to their bases (Fig. lOA). On the trailing edge of the lower

pharyngeals is a row of smaller teeth with the recurved crowns

projecting backwards; replacement teeth lie posterior to their

bases (Fig. lOB). In 125-mm specimen about 64 teeth in anterior

row and 60 in posterior row.

At first glance the anterior and posterior rows of lower pharyn-

geal teeth each appear to constitute two rows. This is because
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basihyal

basibranchials

hypobranchials

ceratobranchials

epibranchials

suspensory pharyngeals

upper pharyngeals

lower pharyngeal

Figure 9. Gill arches of Micromischodus sitgillatiis (dorsal view). Left

side in normal position, right side with uppermost elements pinned out and

to the side.

not all of the teeth have assumed the "definitive" functional posi-

tion; teeth just coming into position are out of line with the rest.

Since none of the teeth are ankylosed to the bone, the borderline

between teeth in functional position and replacement teeth is

indistinct. Evidently some of the replacement teeth are "func-

tional" before they are in the definitive functional position, and

even before the functional teeth they are about to replace have

fallen out. Tooth replacement is much in evidence, and probably
occurs in waves proceeding the length of the lower pharyngeals.
In some places a functional tooth may have two replacement teeth

at its base (see Fig. lOB). These observed characteristics are
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highly suggestive of the sort of situation from which the pedicellate

multicuspid pharyngeal teeth of Chilodontidae and Anostomidae

presumably evolved. If this view is correct, then successive cusps
fused below the main cusp to the stalklike base are phylogenetic-

ally equivalent to successive generations of replacement teeth.

Figure 10. Lower pharyngeal teeth of Micromischodiis sugillatiis (pos-

terior view). A, anterior row; B, posterior row.

The upper pharyngeals bear numerous regularly arranged rows

of teeth in which the crowns project backwards (in opposition to

crowns of teeth in anterior row of lower pharyngeal which point

forwards). The third suspensory pharyngeal bears a small patch
of similar teeth. Gill rakers edentulous.

The pharyngeal teeth, although morphologically similar to those

in the jaws, are more solidly implanted and much larger (except
for the teeth in the posterior row on lower pharyngeal); still, they
are considerably smaller than the greatly enlarged and very solidly

implanted pharyngeal teeth of Chilodontidae and Anostomidae.

In the 125-mm specimen the teeth in the upper jaw are about 0.2

mmlong; the teeth in the outer row of the lower jaw are 0.4 mm
long; the teeth on the upper pharyngeal and in the anterior row on
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the lower phaiyngeal are 1.0 mmlong; and the teeth in the pos-

terior row on the lower pharyngeal are 0.4 mmlong. The highly

regular arrangement of tooth rows on the upper pharyngeal is

suggestive of the regular rows on the upper pharyngeals of An-

ostomidae. The arrangement of teeth in the lower pharyngeals is

unique. In most characoids, including Hemiodus, the teeth are

in several irregular rows on an expanded portion of the lower

pharyngeal near the midline; the distal half of the lower pharyngeal
is usually toothless.

Weberian apparatus (Figs. 11 and 12). Weberian apparatus

showing no unusual features, similar to that of typical Characidae.

Neural arch pedicle of third vertebra with a dorsally directed pro-

cess tightly bound into a groovehke fossa in base of neural arch

complex. Base of neural arch complex extends posteriorly so that

its posteroventral surface almost contacts entire anterior face of

neural spine of fourth vertebra. Rib of fifth vertebra with a

medially directed process ligamentously attached to os suspen-
sorium. Transverse process of third vertebra, which cradles inter-

calarium, well developed. Lateral process of os suspensorium very

neural complex

claustrum

neural arch of third vertebra

transverse process of third vertebra

supraneural

neural arch and spine

of fourth vertebra

scaphium

intercalarium

pleural rib

lateral process of second/

vertebra tripus'

OS suspensorium

Figure 11. Weberian apparatus of Micromischodus sugillatus (lateral

view).
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neural complex

scaphium

lateral process of centrum 2

tripus

rib of fifth vertebra

OS suspensorium

centrum 4

centrum 5

Figure 12. Weberian apparatus of Micromischodus sugillatiis (ventral

view).

large, overlying transformator process of tripus. Neural arch of

third vertebra extending far anteriorly over second centrum (Fig.

11). Lateral process of centrum 2 very large.

Pectoral girdle (Fig. 13). Pectoral girdle without unusual

specializations. Three postcleithra. Most distinctive feature is

lamellar projection from proximal part of third postcleithra (simi-

lar process present in Hemiodus); in other characoids third post-

cleithrum slender for entire length.

Pelvic girdle (Fig. 14). Ischiac process well developed; four

radials; pelvic splint present; rays invariably 11.

Caudal skeleton (Fig. 15). Caudal skeleton generahzed. Hy-

purals 5 and 6 fused, rest separate. Two uroneurals. Three

epurals. Principal caudal rays invariably 10 + 9. Nine upper
and seven lower procurrent rays in 125-mm specimen.

'
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posttemporal

supracleithrum

postcleithra

extrascapular

coracoid

Figure 13. Pectoral girdle of Micromischodus sugillatus (internal view).
Inset: external view of extrascapular and posttemporal.



20 BREVIORA No. 367

radials

ischiac process

Figure 14. Pelvic girdle of Micromischodus sugillatus (ventral view).

Enlarged view on right side with radials exposed by removal of outer half

of each lepidotrich.
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upper procurrent rays
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Figure 15. Caudal skeleton of Micromischodus sugillatiis (lateral view).
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DEFINITION OF THE FAMILY CHILODONTIDAE

A definition of the family Chilodontidae is given here primarly
for comparison with Micromischodontinae. This definition is not

the result of thorough researches of all taxa involved; it is an-

ticipated that studies in progress by Weitzman will gready extend

knowledge of the group. Trophic structures were emphasized in

defining Micromischodontinae, as they will also be in the following
definition. Modification of trophic structures has been the main
theme in the great adaptive radiation of characoids. Trenchant

differences in feeding habits and trophic structures characterize

most genera and higher taxa, and it is natural to emphasize these

differences in definitions. Some important modifications which do
not directly involve trophic structures are nevertheless strongly

linked to modes of feeding, viz., swimming position in Chilo-

dontidae and Anostomidae. Parenthetically, any attempt to work
out a phyletic classification of the higher characoid taxa must

necessarily give major consideration to the evolution of their

trophic structures.

Chilodontidae. Characoid fishes reaching about 150 mm in

standard length which spend much of the time in an oblique head-

down swimming position. In many regards
—

including position

of fins, approximate number of fin rays, and general cranial osteol-

ogy —they are like Hemiodontidae. They differ from the Hemi-

odontidae in having the skull, including the lower jaw, and the

whole body relatively short, and in their trophic modifications.

Number of scales considerably less than in Hemiodontidae (about

25-30 vs. 50-125). Pectoral fin with 13-16 rays (18-23 in

Hemiodontidae). Vertebrae including Weberian apparatus 33 in

Chilodus, 35 in Tylobronchus (Eigenmann, 1912: 271-273).
Lower jaw behind rictal membrane greatly foreshortened; first

infraorbital enlarged; jaw teeth and pharyngeal teeth reduced in

number. Premaxillary with a single row of conical {Caenotropus,

Chilodus) or bicuspid {Tylobronchus), stalked teeth; lower jaw
with a single row of conical, stalked teeth {Chilodus, Tylo-

bronchus) or no teeth in large adults {Caenotropus). Teeth em-

bedded in lips and freely moveable, not ankylosed to jaw bone.

Upper and lower pharyngeals with enlarged teeth with two, three,

or more cusps ossified to a stout, stalklike base. In Chilodus,

lower pharyngeal teeth confined to a small, round patch in the
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center of a large, bowllike depression formed by concave dorsal

surfaces of the greatly expanded (and highly peculiar) lower

pharyngeal bones. Posterior face of fourth arch and exposed face

of fifth arch bearing complementary rosettes of what appear to be

modified gill filaments covered with tiny papillae and with tough
booklets at their distal ends, evidently adapted to food selection

(see Gery, 1964, fig. 2 on p. 63). Gill rakers reduced in number;

bony lamellae of gill rakers reduced or absent in Chilodiis (in-

variably well developed in Hemiodontidae). Gill membranes

tightly bound to posteriormost part of isthmus, i.e., immediately
in front of base of pectoral girdle (free in Hemiodontidae). Hyoid
bar highly modified. Branchiostegal rays four (verified in Caeno-

tropiis and Chilodus). Isthmus scaleless. Caudal fin less forked

and anal fin larger than in Hemiodontidae. Membranous lappets
on dorsal, anal, and caudal fins reduced. Adipose eyelid reduced.

Distal half of dorsal fin wholly or partly covered with a black or

bluish black color, which partly breaks up into spots in Chilodus;

sides of body with a punctuate color pattern, spots borne on in-

dividual scales, and usually with a dark, longitudinal stripe on

the midline extending through the eye onto the middle of the caudal

fin.

1 have pointed out (Roberts, 1969: 424, 442) that Chilo-

dontidae and Anostomidae have similar multicuspid pharyngeal

teeth, and suggested that perhaps the Chilodontidae should be

regarded as a subfamily of Anostomidae. In the light of the present

study, I still feel that the two groups are closely related, but am
inclined to regard Chilodontidae as of family rank. The chilo-

dontids are set oflf from Anostomidae by the specialized structure

of their fourth and fifth gill arches and form a small group of

clearly related forms. And while it seems clear that the chilo-

dontids are related to the Anostomidae, the anostomid genus
closest to them cannot be singled out. Furthermore, the chilo-

dontids show equally clearly indications of relationship with

Hemiodontidae —a relationship closer than I previously had

thought likely. Thus the reasonable solution for now, and one

which may prove of lasting value, is recognition of three families,

Hemiodontidae, Chilodontidae, and Anostomidae. It will be noted

that the Anostomidae form a "well-knit" group of some ten or

eleven genera.
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COMMENTSON HEMIODONTINAE
AND BIVIBRANCHIINAE

The Hemiodontinae comprises Hemiodus (but see Gery, 1963),
with numerous species differing sharply in color patterns and scale

counts (see Bohkle, 1955) and two or three closely related genera
of doubtful distinctness and confusing nomenclatural status (see

Gery, 1961; 1963). The Bivibranchiinae comprises three quite

distinct genera, each with but one or two species, Argonectes

(Bohlke and Myers, 1956), Atomaster (Eigenmann and Myers,

1927) and Bivibranchia. Briefly, the Bivibranchiinae have a highly

protractile upper jaw with tricuspid teeth, and highly specialized

trophic structures in the roof of the mouth and in the pharynx.
The nature of their pharyngeal teeth has yet to be elucidated. Of
the three genera, Argonectes is least specialized and approaches in

some respects the Hemiodontinae, which have relatively nonpro-
tractile upper jaws with multicuspid teeth of eight or nine cusps,

and relatively generalized oral and pharyngeal passages.

In neither of the two subfamiUes do adults have teeth in the

lower jaw. The dentition of young Hemiodus, however, is very
different from that of adults. According to Gery (1963: 604), in

alevins of Hemiodus (tentatively identified as H. unimaculatus)

up to 17.3 mmin standard length, there are but six to eight teeth

on the premaxillaries, these teeth having fewer cusps than those

in adults, and the dentary bears four or six very small conical teeth,

visible only with strong magnification. Wemay feel fairly secure

in supposing (Roberts, 1967) that the earliest dentition in

Hemiodus consists of small conical teeth in both upper and lower

jaws. As Hemiodus grow, presumably the upper jaw teeth increase

in number and are replaced by teeth with successively more cusps,

whereas the conical teeth in the lower jaw are replaced relatively

few times, if at all, and drop out altogether at a fairly early stage.

Menezes and Oliveira e Silva (1949) reported that stomach

contents of Hemiodus parnaguae from the Rio Parnaiba in Piaui,

Brazil, contain mud, algae, and remains of higher plants. No in-

formation is available on food habits of Bivibranchiinae. I suspect
that Bivibranchia take a mouthful of sand, sort food particles out

in the gill chambers and then spit the sand out of the mouth.

Gery (1969: 836) stated that Bivibranchia bury themselves in

sand "like sand-eels" but gave no further details. Possibly this

observation involves a feeding activity.
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